Introduction
The Global Trade Analysis Project (GTAP) Data Base provides a time series of snapshots of the global economy for each of four reference years: 2004, 2007, 2011, and 2014, with 2014 being the latest year added to GTAP 10. The Data Base describes global bilateral trade patterns, international transport margins and protection matrices that link individual countries/regions. For each country/region, the Data Base presents values of production, and intermediate and final consumption of commodities and services in millions of U.S. dollars. The GTAP Data Base underlies the majority, if not all, of global general equilibrium models 1 that are used to examine environmental and economic issues at the global level.
The GTAP Data Base relies on country-based Input Output Tables (IOTs) , and is supplemented by various international datasets as discussed below. In its tenth a All authors are staff members of the Center for Global Trade Analysis, Department of Agricultural Economics, Purdue University, West Lafayette, IN, 47906 . Corresponding author (aaguiar@purdue.edu). 1 A growing list of these models is available at https://www.gtap.agecon.purdue.edu/ about/data models.asp. edition, the GTAP Data Base covers 121 countries and 20 aggregate regions of the world for each reference year. 2 Relative to version 9, Tajikistan is the latest country to be extracted from one of the aggregate regions. 3 GTAP 10 includes updated IOTs for 50 countries, reflecting new cost structures and sales dispositions for each sector. Figure 1 shows, in green, the countries for which IOTs have been updated in GTAP 10; countries in gray use IOTs introduced in GTAP 9 or earlier and the countries in white are those for which we do not have an IOT. The missing countriesmany of which are located in Africa-in aggregate represent only 2% of world GDP, but 8% of world population. Individual countries not represented in GTAP are part of the 'Rest of' composite regions. For Africa, there are six of these: Rest of North Africa, Western Africa, Central Africa, South Central Africa, Eastern Africa, and Rest of South African Customs Union. 4 We actively work with network member institutions and individuals to encourage the development of IOT statistics and look forward to increasing the number of individually-represented countries in the GTAP Data Base. In terms of sectoral coverage, GTAP 10 considers 65 products and services (this is the third GTAP sector classification, GSEC3), up from 57 in previous versions (GSEC2), see Table A .2 for the complete listing. 5 In broad terms, GTAP classifies agriculture, food, resource extraction, manufacturing, and service activities to describe all economic activities in each country.
GTAP 10 has more manufacturing and services sectors than previous versions (Table 1) . There are three new sectors in manufacturing, namely: Chemicals, Pharmaceuticals, and Rubber products, that were previously aggregated as a single "Chemical, Rubber, and Plastics (crp)" sector. We also now distinguish the Electrical Equipment sector separately from other machinery. In terms of services, the Data Base now represents Accommodations and Food Services, Warehousing, Real Estate Activities, Education and Health Services, which were previously included in aggregated Trade, Other transport, Other business and Other government services sectors, respectively. 6 The GTAP Data Base tracks reconciled bilateral trade data between countries. These trade data must be reconciled because the initial data are not balanced, i.e., Figure 1. Regional coverage in GTAP 10.
Notes: Countries in green have had their IOTs updated in GTAP 10. For countries in gray, we use the same IOTs as in GTAP 9. Other countries (in white) are represented in GTAP's 'Rest of' regions.
Source: GTAP 10 Data Base. world exports differ from world imports, and, as well, there are frequent discrepancies between countries' reported imports and what their partners report as exports. GTAP merchandise trade data is based on the United Nations Commodity Trade (UN-COMTRADE) Statistics and the reconciliation treatment has been updated for all reference years using a new consistent methodology. Section 2 provides more detail on the bilateral trade data. The Data Base also accounts for how traded merchandise is delivered across countries using estimates of international transport margins. These estimates have been improved in version 10 using information from a wider set of countries than in previous versions, as described in Section 2.
In terms of protection data, we have updated tariff information contributed by the International Trade Centre (ITC). In addition, agricultural domestic support is obtained from the Producer and Consumer Support Estimates database provided by the Organisation for Economic Co-operation and Development (OECD) for the OECD countries and important non-member countries, and the European Commission's Joint Research Center (JRC) for European Union (EU) countries. Agricultural export subsidies are updated based on World Trade Organization (WTO) notifications and EU information.
Other regular updates of GTAP 10 include: macroeconomic data from the World Development Indicators (WDI), income and factor taxes from the International Monetary Fund (IMF), and energy data from the International Energy Agency (IEA). In addition, several data extensions accompany the standard GTAP Data Base. These extensions have been prepared to facilitate their use with the standard GTAP data. They include, energy volumes and CO 2 emissions, which are part of the standard distribution; land cover and use (GTAP-LULC), international migration and remittances (GMIG), foreign income payment and receipts (GDYN), electricity 7 (GTAP-Power), non-CO 2 emissions among others. These extensions will be listed below with references for each dataset; more information is also available from https://www.gtap.agecon.purdue.edu/databases/Utilities/default.asp.
The release of version 10 will be distributed via the GTAP website (i.e., https:// www.gtap.agecon.purdue.edu/). Two formats will be made available to match the needs of the new standard version of the GTAP model (Corong et al., 2017) and the classic version (Hertel, 1997) . This will also help researchers that use GTAP data with their own models. Providing both formats allows for flexibility as users adjust to the new data format. New developments, however, such as the domestic margins extension, will only be available for the new standard format. The new format of the database is presented in Appendices 1 to 3 of Corong et al. (2017) . These Appendices show the relationship between the classic and new nomenclature in side-by-side tables. Among other things, the new model allows for multi-product sectors, as well as multiple sectors producing the same commodity.
The following section describes the new features included in version 10 of the Data Base. Section 3 presents a numerical illustration of the Data Base. The final section concludes with a brief discussion on future developments.
New features of GTAP 10

Country and Sector Coverage
The expansion and updating of countries are made possible because of the IOTs contributed by members of the GTAP network. In version 10, 51 newly contributed national IOTs are used in the construction of GTAP, 50 belong to countries previously represented in the Data Base and Tajikistan, which is the only new country separately identified. References to each of these new and updated countries are available on the GTAP website 8 and listed in Table 2 . A complete listing of the 141 country/regions is available in the Appendix, Table A.3. Starting with GTAP 10, we allocate IOTs to the closest reference year. Of course, this allocation is restricted to countries for which we have received IOTs for multiple years (see Table 3 ). For the remaining countries, however, there is only one IOT to match with all reference years. This deficiency highlights the need for regular IOT contributions and the important role that other international data sources have in updating IOTs. We will continue to improve the allocation of IOTs as information becomes available to us via contributions from GTAP researchers to improve the quality of the time-series dimension of the Data Base. In doing so, GTAP contributes to the growing field of time-series multi-regional input-output databases, which include EXIOBASE (Stadler et al., 2018) , WIOD (Timmer and de Vries, 2016), EORA (Lenzen et al., 2013) , OECD ICIO Tables (details available from oe.cd/icio), ADB-MRIO (Mariasingham, 2011), and AIIOTs (AIIOTs, 2005) . 9 Among these efforts, GTAP is unique in the extent of its coverage of individual countries, number of agricultural sectors, and protection data (i.e., tariffs, agricultural domestic sup- 8 For new and updated country information included in version 10, please refer to https://www.gtap.agecon.purdue.edu/databases/v10/v10 doco.asp; for information on all countries, please refer to https://www.gtap.agecon.purdue.edu/databases/regions.asp? Version=10.131. 9 EXIOBASE 3 reports time-series data for the 1995-2011 period. It distinguishes 200 products, 163 industries, 44 countries (28 EU members plus 16 major economies) and 5 aggregate regions. WIOD's second release covers 56 product groups and reports 43 countries port and export subsidies). To support those working with the new GSEC3 classification, we provide new concordances to match sector classifications for different sources of information to our own sector classification. For Food and Agricultural sectors, Table A .4 shows the new concordance between the United Nations (UN) Central Product Classification (CPC) and GTAP sectors. Tables A.5 and A.6 display the new concordances between the UN International Standard Industry Classification (ISIC) and GTAP sectors for, respectively, manufacturing and services.
International Transportation Margins
In previous versions of GTAP, international transport margins by commodity and mode of transport were solely based on U.S. data. In GTAP 10 we use estimates based on reported values from a large set of countries with a sizable set of trading partners. This results in more variability of international transport margins by mode of transport (i.e., land, air and water) than in previous versions. The new estimates are based on data from U.S. imports of merchandise and North American Trans-border Freight Data, EUROSTAT trade data for European countries, and the Latin American Integration Association (ALADI) imports data (Nuño and Villoria, 2019) .
International Trade Protection
Version 10 of the GTAP Data Base continues to represent several types of protection instruments. For agricultural products, domestic support and export subsidies are taken into account. Additionally, import tariffs are included for all merchandise products (agricultural and non-agricultural).
Agricultural domestic support is based on Producer Support Estimates (PSE) from the OECD (2017). These data are only available for OECD countries and selected Non-OECD countries. The OECD PSE is composed of Market Price Support (MPS) and budgetary transfers. MPS is an estimate of indirect transfers to producers that includes the accumulated impact of various policies, including domestic price support, and border measures such as tariffs. As in previous versions of GTAP, since one of key elements of the Data Base is a tariff dataset, the MPS component of the PSE is excluded, leaving us only to consider the transfers to agricultural producers as explained in Huang (2013) . We use OECD data to update all reference years. For European Union member countries, we rely on the contribution from the European Commission's Joint Research Centre (JRC) (Boulanger, Philippidis, and Jensen, 2018) . For version 10, reference year 2014 was added, while year 2011 was updated. For 2004 and 2007, we rely on previously contributed data.
Agricultural export subsidies also rely on previous treatment and efforts by researchers: for 2004 we use Elbehri and Narayanan (2010) , for 2007 we use Laborde (2012) , for 2011 and 2014 we benefit from the contribution of Jayson Beckman who collected notifications to the World Trade Organization (WTO) (Beckman and Aguiar, 2018) and for EU members, we draw on information from the European Agricultural Guarantee Fund (EAGF) provided by Alessandro Antimiani.
For tariff information, we consider applied ad valorem tariffs, including ad valorem equivalents of specific tariffs and import quotas. Mondher Mimouni and Xavier Pichot from the International Trace Centre (ITC) provide us with consistent data for the three most recent reference years (2007, 2011, and 2014) at the 6 digit Harmonized System (HS6) level. 10 For 2004 we use previously contributed data from Laborde (2010) based on ITC data.
Trade data
Discrepancies in reported bilateral trade flows need to be reconciled to obtain the initial equilibrium required for general equilibrium modeling. Gehlhar (2017) explains that for version 10, a unified and comprehensive approach has been applied consistently across time in order to obtain this key element of the GTAP Data Base for all four reference years. This new approach is applied to the UN-COMTRADE dataset of 231 countries, where the main objective is to produce balanced trade, that is world exports line up with world imports. Besides the discrepancies in countries' reporting, one of the challenges is the increasing presence of re-exports. Trade data for more than 50 countries that re-export are re-estimated by deriving domestic exports and by converting total imports into retained imports.
Other methodological improvements
The GTAP Data Base makes use of IOTs to reproduce cost structures for each economic agent, and is supplemented by international data to reflect economic activities for each country/region in each of the four reference years. Prior to version 10, many of the commodity tax rates from the IOTs intermediate use had been zeroed out because the tax representation of older tables were not representative of a more recent reference year. In version 10, we change our treatment in order to better reflect the information we obtain from the IOTs.
We have also improved the energy data module to address simplifying assumptions that affected non-oil producing countries in Africa. The source energy data, from the International Energy Agency, provides us with information for an aggregate Rest of Africa which we apportion among the component countries. GDP shares had been used to allocate energy data in previous versions of the Data Base. Rest of Africa, however, is composed of a heterogeneous group of countries, some of which have significant energy production (e.g., Malawi or Uganda) and others with none that might nonetheless have a relatively large GDP.
Numerical illustration
There are many aspects of the Data Base that can be highlighted. In this section, we focus on CO 2 emissions embodied in bilateral trade (EEBT). Calculating trade embodied emissions requires data on bilateral trade and intermediate input use by country, so it is a good way to showcase the usefulness of the GTAP Data Base. To estimate such flows, we follow (Peters, 2008) , which we briefly describe below. 11 Country-specific CO 2 emissions per unit of output by industries are used to estimate emissions associated with bilateral trade flows. This method assumes that the production technology is based on fixed proportions (i.e. in a given sector and country, the same production technology is used to produce domestic and exported commodities) (Peters, 2008) . This allows us to decompose emissions from domestic output into its sales disposition, i.e., exports or domestic sales. For every commodity, the total CO 2 emissions associated with fossil-fuels combustion and embodied in trade flows from region r to region s ( f rs ) are estimated as
where F r is a vector of country-specific CO 2 emissions per unit of output by industries, I is the identity matrix, A r is the technological matrix, which represents the industry requirements of domestically produced products in region r and e rs corresponds to the bilateral trade flow from region r to region s. According to our estimation, out of 7.2 Gigatons (Gt) of CO 2 emissions embodied in global exports in 2014, over 24% are associated with China. Figure 2 shows selected countries with the largest EEBT, measured in Megatons (Mt). Compared to the 2004 data, Chinese carbon-intensive export flows are redirected from the U.S. and Japan towards the EU, Russia and India. The EU as a region and the U.S. as a country are the world's largest net CO 2 importers.
Between 2004 and 2014 global CO 2 EEBT flows increased by 21%. And some countries have undergone significant structural EEBT shifts. In particular, Russia's CO 2 embodied in its net exports declined by almost 37% since 2004, while the U.S.' CO 2 embodied in its net imports declined by 36%. In terms of sectoral distribution, most CO 2 EEBT flows are associated with heavy manufacturing (Figure 3) . 12 The global share of corresponding emissions has in-creased by 1 percentage point since 2004 and accounts for 40.8% in 2014. Light manufacturing and transportation, which are respectively the second and third largest contributors to EEBT flows, in aggregate demonstrate a gradual decrease over time. 13 With a peak of global CO 2 EEBT in 2014 (Figure 3) , their EEBT share in the global CO 2 fossil-fuel combustion emissions has increased since 2004 by 0.3 percentage points and is around 24.8% in 2014. 14 In most countries, a significant reduction in CO 2 trade flow intensity has been observed since 2004-over 50% in the case of exports from China and Russia (Figure 4) . Net CO 2 exporters (South Africa, Russia, India and China) have higher CO 2 intensity of exports relative to their import intensity, while the opposite holds for the net CO 2 importers (U.S., EU and Japan). South Africa has by far the highest CO 2 export intensity among the reported countries, due to the high heavy manufacturing and metal ores export shares. Russia's export and import CO 2 intensities, which were higher than South Africa's in 2004, have decreased by over 50% due to structural shifts in trade. Japan is the only reported country with increased aggregate CO 2 export intensity (Figure 4) . The main reason behind the increase is that the CO 2 intensity of Japan's heavy manufacturing output has not changed over time (contrary to most other countries), while trade values (in constant USD) have slightly increased. To summarize, there are three takeaway messages from this illustration. First, between 2014 and 2004, there has been an increase in global CO 2 EEBT flows by almost 21%. This has been mainly driven by increase in emissions embodied into exports from China and India, which together account for around half of the CO 2 EBBT growth since 2004. At the global level, CO 2 EEBT growth rate has been gradually reducing over time-from over 4% per year between 2007 and 2004 to around 1% between 2014 and 2011. Second, there has been a moderate structural shift in CO 2 EEBT at the sectoral level. With the largest share of CO 2 emissions, heavy manufacturing has been slowly growing over time, which contrasts with the decline, also slow, of food and textiles, and light manufacturing. Finally, two competing drivers have been defining the CO 2 EEBT trend over this period. On the one hand, there has been a significant reduction in the global average CO 2 export intensity-from 0.47 kg CO 2 per USD in 2004 to 0.34 kg CO 2 per USD in 2014 (39.3% improvement). On the other hand, total exports have been growing at an even higher pace-68.4% increase over 2004 -2014 period (constant 2014 . With increases in exports of heavy manufacturing by 57.7%, transportation by 60.6% and food and textiles by 60.2% over corresponding period. As a result, improvements in the carbon intensity of exports have been out-weighted by an increase in total exports and resulted in the CO 2 EEBT increase over time.
Summary and future developments
The GTAP 10 Data Base now covers 65 products and services in 141 regions. Its construction relies on the contributed datasets from a large network of individuals, GTAP Board member agencies, and institutions from around the world. Increasing the representation of countries and sectors depends on data availability. Also, in order to improve the time series dimension of the Data Base, development and contribution of IOTs are the basis to capturing structural changes over time.
After the release of GTAP 10, several data extensions that complement the GTAP Data Base will be updated for subsequent release. These include: the energy environmental extension (GTAP-E documented in McDougall and Golub (2009) ), that tracks CO 2 emissions, the international migration and remittances data extension (GMig documented in Walmsley, Winters, and Ahmed (2007) ), the land use and cover extensions (GTAP-AEZ documented in Baldos (2017)), the foreign income payment and receipt data extension (GDYN documented in Golub (2016) ), the disaggregation of the electricity sector (GTAP-POWER documented in Peters (2016)) and the non-CO 2 emissions dataset documented in Irfanoglu and van der Mensbrugghe (2016) .
Also a new air pollution database will be made available. The air pollution database will include an additional 10 emissions linked to economic activities. 15 Similar to the non-CO 2 greenhouse gas emissions, these emissions are linked to specific sources of economic activity, including: intermediate and final demand, endowment use (land and capital), and output (Chepeliev, 2018a) .
In addition, we plan to have two special releases of GTAP 10, one which incorporates energy subsidies based on estimates from the International Monetary Fund (IMF) information (Chepeliev, McDougall, and van der Mensbrugghe, 2018) . The second release expands the GTAP framework (both model and Data Base) to accommodate domestic margins (Corong, 2018) .
There is also ongoing work to release a new GTAP Multi Region Input Output data (GTAP-MRIO), which allows for agent-level sourcing of imports by region of origin with differentiated preferences and tariffs. 16 Finally, we are expanding the country coverage of the Agricultural Production Targeting module. This module calibrates the level of agricultural production in the GTAP Data Base according to internationally recognized data sources. We have begun to use data from the Food and Agricultural Organization of the United Nations (FAO), which has greater country coverage than our current OECD source (Chepeliev and Aguiar, 2018) .
Those interested in accessing the GTAP Data Base are referred to the web site: https://www.gtap.agecon.purdue.edu/databases/default.asp where versions 1 to 8 can be downloaded for free. The most recent versions of the Data Base are free to contributors (both data contributors and consortium members). Others are charged a fee, the revenue from which goes to support ongoing development of the Data Base. Notes: For convenience, we use '-' to indicate all elements in between; for example, Cereal grains n.e.c. (gro) is composed of CPC products: 0112, 0114, 0115, 0116, 0117, 0118, and 0119.
Source: GTAP 10 Data Base.
